Staphylococcus epidennidis is a frequent cause of postoperative infections in patients undergoing cardiac surgery. In addition to being the most common cause of early prosthetic valve endocarditis, this organism has also been responsible for outbreaks of serious postoperative wound infections (4) (5) (6) . Most of the S. epidermidis isolates recovered from these infections exhibit multiple antibiotic resistance, including resistance to methicillin. Antibiotic resistance of S. epidermidis is important both for its therapeutic implications and for its potential use as a marker for hospital-acquired strains. The present study investigated prospectively the acquisition of methicillin-resistant S. epidernidis in the chest wounds of patients undergoing cardiac surgery and compared the antibiotic susceptibility of these postoperative isolates with isolates obtained from the surface of each patient's chest before surgery.
(This study was presented in part at the 18th Interscience Conference on Antimicrobial Agents and Chemotherapy, Atlanta, Ga., 1 additional 25 patients, consisting of 14 undergoing valve replacement and 11 having coronary bypass surgery, were cultured 1 day before and 0.5 h, 1 day, 3 days, and 5 days after surgery. No patient in the study had been receiving any antibiotics for 2 weeks before admission for surgery, and only five patients had been hospitalized in the preceding 2 weeks. As preparation for surgery, all patients bathed with an iodine-containing soap the night before operation, and chests were shaved and prepared with Betadine (Purdue Frederick Co., Norwalk, Conn.) in the operating room. Prophylactic antibiotics were given in the operating room and for 2 to 3 days postoperatively. A total of 47 patients received sodium nafcillin, aqueous penicillin G, and streptomycin sulfate, whereas 27 patients received cephalothin sodium or cefamandole nafate during surgery and nafcillin, penicillin G, and streptomycin postoperatively. Six patients allergic to penicillin received either cephalothin or cefamandole during surgery and a combination of cephalothin and streptomycin postoperatively. Cephalothin and gentamicin sulfate were also used frequently in the cardiac surgery intensive care unit to treat postoperative infections. All patients were on cardiopulmonary bypass during surgery, and the same chief surgeon and nurse attended all patients in the study; student and resident assistants varied from month to month. After surgery, all patients were taken to the cardiac surgery intensive care unit where they remained for 1 The methicillin susceptibility of skin isolates is shown in Table 1 . Whereas 24% of the 80 patients had skin isolates resistant to 12.5 ,ug of methicillin per ml preoperatively, 64% of patients had them in their chest wounds 5 days postoperatively (P < 0.001, x2). Furthermore, highly methicillin-resistant isolates were recovered preoperatively from only three patients (5.5%) whereas they were recovered postoperatively from 53% (P < 0.001). Thus, only 3 of 13 (23%) preoperative isolates resistant to methicillin contained subpopulations of the highly resistant phenotype, whereas 29 of 33 (83%) of postoperative methicillin-resistant isolates contained highly resistant colonies (P < 0.001).
The time-course of acquisition of methicillinresistant S. epidermidis was studied in 25 additional patients, and the results are summarized in Table 2 . As in the earlier study, isolates resistant to 12.5 ytg of methicillin per ml were recovered from 5 patients (20%) preoperatively and from 14 patients (56%) 5 days postoperatively (P < 0.01). The percentage of patients with methicillin-resistant staphylococci in their chest wounds progressively increased after surgery.
S. epidermidis returned slowly to the chest wounds after surgery. Although S. epidennidis was cultured from the chests of all patients preoperatively, staphylococci were cultured from only 8 of 25 (32%) patients 30 min or 1 day postoperatively and from only 14 of 25 (56%) at 3 days. All but two patients were colonized with (Table  2 ). In addition, methicillin-resistant S. epidermidis was the predominant flora on the chest wounds by day 5 postoperatively in 12 of the 14 patients colonized with methicillin-resistant staphylococci. In these patients, the number of colonies of S. epidermidis from chest swabs growing on agar containing methicillin was 290% of the number growing on agar without methicillin.
A total of 30 methicillin-susceptible isolates and 30 methicillin-resistant isolates representing preoperative and postoperative pairs, respectively, from 30 patients were tested for resistance to antibiotics which had been given as prophylaxis (penicillin G, nafcillin, streptomycin, cephalothin, and cefamandole) or had been used extensively in the treatment of postoperative infections in the intensive care unit (cephalothin and gentamicin). The results are shown in Table  3 . Whereas few of the preoperative methicillinsusceptible isolates contained any detectable organiisms resistant at the antibiotic concentrations indicated, two-thirds or more of all postoperative methicillin-resistant isolates contained 
Gentamicin ( organisms resistant to all of the antibiotics except gentamicin. The MICs and MBCs of gentamicin for the six gentamicin-resistant isolates were either 6.25 ,ug/ml (two isolates) or 12.5 ,tg/ ml. All methicillin-susceptible isolates which were susceptible at the antibiotic concentrations indicated in Table 3 were also susceptible at the lowest concentrations tested (cefamandole, cephalothin, and nafcillin, <12.5 ,g/ml; streptomycin, <10 ug/ml; penicillin G, <0.1 ,ig/ml; and gentamicin, <0.2 ,tg/ml).
Two patients involved in this study developed S. epidermidis prosthetic valve endocarditis.
From both methicillin-resistant organisms were isolated from their chest wounds postoperatively despite susceptible strains having been isolated from the chest skin preoperatively. From one of the two, a gentamicin-resistant (MIC, 12.5 ug/ ml) strain was isolated from both the postoperative wound during the study and the blood at the time of diagnosis of prosthetic valve endocarditis. These were the only S. epidermidis infections in the 80 study patients. DISCUSSION This study documented the acquisition of highly methicillin-resistant S. epidermidis isolates in chest wounds of 43 of 80 (54%) patients 5 days after cardiac surgery; in only 3 of 80 (4%) patients were these organisms present at the same anatomical location before surgery. Furthermore, two-thirds or more of the methicillinresistant postoperative isolates recovered from 30 patients who had methicillin-susceptible isolates on the chest skin preoperatively contained colonies resistant to penicillin, streptomycin, nafcillin, cephalothin, or cefamandole-antibiotics which had been administered prophylactically. Antibiotic prophylaxis may have selected a more highly antibiotic-resistant S. epidermidis population from the hospital environment. Bentley (3) showed that S. epidermidis strains containing highly methicillin-resistant subpopulations were present in six cardiac surgery patients receiving methicillin, whereas these organisms were not present in the same patients who were cultured before receiving methicillin. Only 10 of 118 chronic-care patients receiving no or few antibiotics harbored methicillin-resistant S. epiderrnidis.
Since this study only assessed the prevalence of antibiotic-resistant S. epidermidis in the wounds of cardiac surgery patients after surgery, no statement can be made about the source or hospital epidemiology of these isolates. However, the absence of resistant isolates on preoperative skin and the progressive increase in the methicillin-resistant phenotype for 5 days postoperatively suggest that the hospital was the source of the isolates. Studies of outbreaks of methicillin-resistant S. epidermidis infections in cardiac surgery units have documented the carriage of these isolates by both patients and hospital personnel (4, 6) .
There are several implications in this study. First, the antibiotic resistance shown by S. epidermnidis isolates in this study is similar to that found in isolates from cases of S. epidermidis prosthetic valve endocarditis in other studies (3, 6) . Infections with these organisms in either humans (2) Finally, the multiple antibiotic resistance ofS. epidermidis may serve as an epidemiological marker. If the organisms causing prosthetic valve endocarditis are transmitted to patients in the perioperative period, a knowledge of the hospital reservoir would be essential to interrupt transmission. Phage-typing of S. epidermidis for epidemiological purposes is currently of uncertain value (7) . Thus, the use of antibiotic resistance patterns or the identification of plasmids which code for this resistance may be more helpful in tracing the hospital spread of these organisms. The role of antibiotic prophylaxis in the selection of antibiotic-resistant S. epidennidis also needs to be clarified by the use of careful controls.
